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TSCHKICAL NOTE NO. 82, 
NOTES ON THE CONSTRUCTION AND TESTING OE IIODEL AIRJ^LANES 

by 

T?7alter S. Diehl. 
Introduction, 

In t-'iost ^ind tunnels the construction and test cf a n.odel 
aerofoil or fu63lc.ge ic standardized^ but in the endeavor to 
secure a non-*turbulent air flow and great refineir.ent in force 
measurements; the general requirements for construction a.nd 
tests of r.od.el a^irplanes or sea.plan3s have been neglected* 
The average airplane r/iodsl is constructed to scale from generp.l 
asseiiibly plans with detail depending on the slcill of th^ model 
naker. As one result the cost of a. irjodel is very high. As 
another result the test da.ta is freqi:entl3^ unreliable. 

The following notes are Intended to sup^olement Hr, E, H, 
Norton^ s paper on "The Construction of Models for Tests in Wind 
Tunnels" (iTationa.l Advisory Committee for Aeronc.utics ' Eiepo-^t 
Ko, 74). It will be shown that the construction of an airplane 
r.odel can and should be simplified in order to obtain the -est 
reliable test data. 



Gsner?.! Re':iuire:::ents in I!odol Construction. 

The jener?.! purpose of the usua?^ vjind tunnel t-^sts. on a 
nodel airplane is to obtain the aerooynar^iio characteristics, 
the static balance, and the efficiency of the controls for l^'v. 
particular c^on^bination of Thing's, -tail sur:^aces, fu^elege and 
landing eePor eiuployed in the design. Theee' parts rm^t be exact 
scc.le reproductions, A'ny appreciable variation frr^m soalo re- 
production rust be in xhe rerraining parts of the model, i.e. , 
struts, r^-ires,, fittings, control horns, r8.dia,tor3, engines 
and the various attachi-ents found exposed to the wind in special 
airplanes. 

Obviously the 'Tings, tail surfaces, fuselage and landing 
gear raust be rigidly held in the proper relation, one to another, 
preferably \7ith neans for ininor adjustir.ents. These requirements 
are easily r.et in :::odels of internally -braced monoplanes, but . 
they usually cause trouble in nodels of inultiplanes , particulav- 
ly ^7hen an atteiupt is r.ade to provide an ej;:ac:L -ScaJL?.^^^^ 
tion of the interplane bracing in accordance -.vith the popular 
conception of ir.odel requirements. Although model struts and 
fittings are very minute and difficult to make, their use v.ould 
be justified if a :::odel so ccnstructed 'ca^ rigid aind capable of 
miner adjustments and if it in test fairly represented the full 
scale airplane* 
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Ir.terplane Brejoing. 

Figure 1 represents an average attempt- to secure an exact 
scale reproduction in a T^ind tunnel r.iodelr The result a 
f?,i::s7 affair -vhich is not only difiic^ulb to line up^ but also 
difficult to keep c^djusted. The values of drag obtained from 
tests are from ZG^l to 50% higher than the values obtcLlned iror/i 
calculations;, r-hioh alloT: for a norivial scale effect. This great 
difference in drag is due to the abnoru:al scale effect for strr.ts 
and TTires at Ic' values of VL. Fi^ire 3 is included to illus- 
trate the i;iagnitude of this scale effect. The average full 
scale strut, sa,y 2^' thick at a velocity of ICO f.p.s. , ha.3 the 
f ollc-Ting' characteristics : 

VL = 16.7 
Dc = 0, 043 

For a 1/S4 scale rodel tested ax 50 f.p.s. ^ the characteristics 
T7ill be 

VL - -^6^ ^ 35 
?A X 2 

Dc = 0.180 

Oonsequently . the resistance of a. ]r.odel strut is about four 
tin:es as gree.t as its proportional full scale -^-alue. 

The sccJe effect on wires e.nd ca,bles is about one-half of 
the sc^.le effect on struts. The scale effect on fittings is un- 
knovTn, but it is reasona,ble to assume th8ot it is of the same 
order as that for the vires* It therefore appears useless to 
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employ a.n exact reprodn.ction of the interplar.e bra.cing on models. 
This fact ha.s cee:;. recognized in the construction of C6rtc?-in 
models^ in -^hich^ e.ccording to the test reports, the OiTiission of 
interplane 'Tiring v;as supposed to allo\T for the bcale effect on 
the strvts. This assunption is hardl:^ justified in .general use 
although it nay give a fair a.pprcxirxiation in those cases having 
a certp.in degree of balance bet'.veen the struts and ^vires. Even 
with this simplification there still remain the requirements of 
rigidit^^ a,nd minor adjustment •:7hich are always difficult to meet 
v;ith the model stream.line struts. 

As the result of investigations m.ade a,t the VJashingtcn Navy 
Yard '.vind tunnels and extending over a period of three 3^ears^ 
it has been concluded that the best results are obtained b^'- 
om.itting all of the struts, \7ires^ and fittings, as such, and 
holding the model together vrith the fe'vvest possible number of 
small cylindrical brass struts consistent with rigidity and ad- 
lustment. These straits are usually fitted in s^rmm.etrical pair^ 
^•^ithout reference to the location of struts on the full scale 
airplane. It is found tho'.t three pairs are suffer cient for the 
average biplane model- Adjustment is obtained by fitting the 
struts rith F.I-L and L.K. threads into corresponding bushings 
in the lo^-rer and upper -.Ting. The diam.eter of the wire used de- 
pends upon the si^.e of the model and varies from. 0.050'' to 0. lOC;^!; 
the average being approxiriately l/l5". 
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Tests have shown that the lift of these wires is negligl":..! ^ 
and that their dreg is substantially consuant over ohe U3v.al 
range of il^'-ing angles. A very close a.pproxiniaticn to the triic;? 
model scale drag of the airplane may there:' ort) bo (jb'-ainod by 
ncrrecting the observed model drag for the dif i-'exenoe bet^':een 
the dra.g of the cylindrical struts and the scaled doY;n value of 
the calculated dj'ag for the full scale interclane bracing, ic e, 

D' - D 

vrhere 

is the corrected model drag^ 
D the obser^/ed model drag, 
Dv; the drag of the c^rlindrioal struts 
used on the model, and the calcuia^ted model equivalnet on the 
full scale interplane bracing drag, assuming tha.t it varies as 
(VL) \ Since this assvjnption is arrays made in convcrbing the 
model test data to full :5cale values, the preceding operation is, 
in effect, the equivalent of a scale correction for the inter- 
pla.ne bracing. 

Corrections m.ay also be made to pitching moments if desired. 
It is recommended that in each case the miOment of (Do ^V/) 
aboat tne g, be cohxpared vwith the total moment in order to 
weigh the necessity of this correction. In mx-st cases it mxay be 
neglected. 
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:iinor Detail. 

Tr.3 ccnstr^iotion of the i-iodel Ti^.y be further simplified 
without affecting the acciiraGv of the test results. For irstanc**--^ 
the control cableS;, and in i:iost cases the control horns, ?hou].r 
be caitted and their resistance included in the correction Dr.. 

Hadiacors have approximately ons-half of the resiscance of 
a flat plate of equal frontal area, Free air radiators I'lay 
therefore be approxinvoted b^^ 3. flat plate u'hose linear dimensions 
7.re 70/: of uhose of the radiator. In case there are objects in 
the Take of the radiator it is desirable to use a piece of gauze 
'Thich has resist.ance coefficient equal to radiator core. Nose 
radiators should be ina.de^ according to the n:ethod described in 
K.A.O.A. Report No. 74. 

Very little deta.il should be used on engine c-ylinders, irird 
shields;, -vTing shids, tail skids, shock absorbers, etc. These 
parts hare very little effect on the total resistance and it has 
been found that the extra labor required to put in the detail i3 
not iustiii ed. 

Fi.'j'.ire 3 represents the appearance of a model 'Thich embod- 
ies in its conatruction the foregoing simplifications. This r.od- 
el is rigid and easily ad;^usted; on test it p^ives satisfactory 
results. The -x-st of construction is reduced approximately 50^ 
compared rith an exact scale :::odel« 



